This study manifests the larvicidal efficacy of Carica papaya latex extract and silver nanoparticles (CPAgNPs) synthesized using latex, against developing immature juveniles of Aedes aegypti and Culex quinquefasciatus. Briefly, the latex was collected and fractioned with different solvents such as chloroform, methanol and aqueously. The obtained crude extracts were subjected to larvicidal activity in the dose-dependent method. After 24 h, the mortality rate was calculated and statistically analyzed. From the results, it was demonstrated that the chloroform extract displayed prominent activity in IInd and IIIrd instar larvae of A. aegypti and C. quinquefasciatus with better LC 50 values followed by methanol and aqueous extract. Subsequently, we profiled the qualitative analysis of a chloroform extract through biochemical tests; Fourier transform infrared spectroscopy and gas chromatography-mass spectrometry. Moreover, we authenticated the major secondary metabolites and activated larvicidal compound present in the extract. Further, we synthesized CPAgNPs using aqueous latex extract and challenged with IInd and IIIrd instar larvae of A. aegypti and C. quinquefasciatus. Noticeably, the synthesized nanoproducts were showed 100% mortality in a 24-h treatment with significant LC 50 values. Hence, this study has opened up new vistas in the field of parasitological research to develop Carica papaya latex as a new stratagem in the insect vector management program.
Introduction
Plants and its extracts were practiced in traditional and ethnic medicine for the treatment of many diseases such as malaria, dengue fever, wound healing, viral and bacterial diseases, cancer, arthritis, diabetes, menstrual disorders and as supplementary food for normal metabolism and growth of humans (Shaalan et al. 2005) . India has a rich floral diversity and bioprospecting of plants in the view of pharmaceutical perspective was still going on. Until now, numerous plants have been identified as a starting material as lead compounds for the development of next-generation drugs (Ghosh et al. 2012) .
Tropical country like India was highly prone to infectious disease due to climate change and anthropogenic activities. Such tropical areas were the hot spots of mosquito (Anopheles stephensi, Aedes aegypti, Culex quinquefasciatus) prevalence (Mohankumar et al. 2016) . Mosquitoes act as vectors for parasites, pathogens causing malaria, dengue fever, and lymphatic filariasis. These dreadful diseases cost huge sum of people's death worldwide. Moreover, it also affects the government and individual economy every year (Benelli and Mehlhorn 2016; Benelli et al. 2016a) . In Indian scenario, the incidence of these dreadful diseases were high in all parts of states, causing high mortality and morbidity rate (Chitra et al. 2014; Ravindran et al. 2015) .
Conventionally, synthetic insecticides organochlorines, carbamates, organophosphates, and pyrethroids temephos, fenthion, malathion, and dichlorodiphenyltrichloroethane (DDT) were expensive, leaving a residual effect, adapting 1 3 83 Page 2 of 10 resistance, non-biodegradable, toxicity to non-target organisms (Anyaele and Amusan 2003) . These problems urged the researchers for an expeditious search for new alternatives. Botanical-based insecticides were currently one of the most promising approaches, much research currently being devoted to plant extracts for the development of sustainable botanical insecticides (Liang et al. 2015) . Plant extracts contain a mixture of several chemical active ingredients and thus may be able to effectively kill the mosquito through a different mechanism (Pavela 2015) . For the past two decades, numerous researches have been conducted on the biological activity of plant extracts against larvae of mosquitoes and insects, in that few plant extracts were commercialized. This shows that plant extracts were environmentally safe, non-toxicity against humans and other organisms (Govindarajan et al. 2016b) .
Latex was a fluid secreted by laticifer cells in plants. The biological role of latex secretion in plants remains unknown, but several types of research proved that it has insecticidal property . Latex contains highly active chemicals such as aromatics, terpenoids, alkaloids, phenols, glycosides, carbohydrates and proteins (Konno 2011) . Further, in ancient time, latex was practiced in traditional and folk medicine for treating ailments and diseases. With this rationale, our research intends to evaluate the efficacy of Carica papaya latex against larvae of Aedes aegypti and Culex quinquefasciatus. The study was carried out in two different approaches. First, latex extract fractioned using solvent was evaluated against mosquito larvae. Second, silver nanoparticles were synthesized using latex and evaluated against larvae.
Materials and methods

Latex collection and processing
The plant C. papaya was located in and around of Bharathidasan University campus (10.6747°N, 78.7442°E) and taxonomically identified in the Botanical Survey of India, South circle, TNAU campus, Coimbatore, India (Fig. 1a) . For the latex collection, Macalood et al. (2013) methodology was adopted with minor modification. Briefly, the latex was collected early morning at 6.00-7.00a.m. In unripe mature fruit surface, 6-8 longitudinal incisions at 3 mm deep were made of the fruit stalk using a stainless steel knife. As a result, latex exuded out and collected in a sterile bottle (Fig. 1b) . After collection, the latex was poured on a Petri plate and kept in hot-air oven at 45 °C for 24 h for drying. Then, the dried latex was triturated using a mortar and pestle. Finally, the obtained powder form of latex was used for the study.
Latex extract preparation
To prepare latex extracts, 5 g of latex extract was weighed and mixed with 100 ml of chloroform; methanol; doubledistilled water and kept in an orbital shaker for 24 h at 37 °C. After then, latex mixtures were filtered through Whatman filter paper no: 1 and the resulting latex mixtures were concentrated using rotary vacuum evaporator for removal of solvents. Further, the obtained crude extracts were stored at − 4 °C for further use.
Carica papaya latex silver nanoparticles (CPAgNPs)
The synthesis of C. papaya latex-mediated CPAgNPs was achieved using our previously validated method reported elsewhere (Rajkuberan et al. 2016b) . 
Mosquitocidal activity
Collection of eggs and maintenance of larvae
The eggs were obtained from Indian Council of Medical Research (ICMR), Madurai, Tamil Nadu, India. Further, the eggs were maintained [27 ± 2 °C, 75-85% R.H., 14:10 (L:D) photoperiod] and placed in 18 × 13 × 4 cm plastic containers containing 500 ml of tap water, waiting for hatching. Larvae were fed with a mixture of dog biscuits and yeast (3:1) ratio.
Larvicidal activity of latex extracts and CPAgNPs
According to the standard, World Health Organization larval susceptibility test method (WHO 2005) was conducted. Briefly, 1 g of latex extracts were dissolved in 100 ml of acetone considered as 1% stock solution. From the stock solution, different concentrations 100, 200, 300, 400 and 500 ppm/l and CPAgNPs 10, 20, 30, 40 and 50 ppm/L were prepared. IInd and IIIrd instar larvae of A. aegypti and C. quinquefasciatus were introduced into the 500 ml glass beaker containing 249 ml of dechlorinated tap water and 1 ml of desired concentrations of C. papaya latex extracts (100, 200, 300, 400 and 500 ppm/l) and CPAgNPs (10, 20, 30, 40 and 50 ppm/l) was added separately and kept in an environmental chamber at 25 °C with a 16:8 light/dark cycle. Three replicates were set up for each concentration and larvae placed in dechlorinated water without acetone considered as control. Papaya latex extracts were subjected to dose response assay against IInd and IIIrd instar larvae of A. aegypti and C. quinquefasciatus. Different concentrations of Papaya latex extracts (100-500 ppm) and CPAgNPs (10-50 ppm) were assayed for larvicidal activity. After 24 h, the numbers of dead larvae were counted and mean percentage of mortality rate was calculated from the average of three replicates.
Mortality was corrected using Abbott (1925) formula and percentage mortality was calculated as follows:
Here Y-number of live larvae treated; X-number of live larvae introduced; Mortality was assessed after 24 h of exposure to ascertain the acute toxicity of IInd and IIIrd instar larvae of A. aegypti and C. quinquefasciatus.
Statistical analysis
The mortality data were subjected to probit regression analysis. LC 50 , LC 90 , 95% confidence interval (upper confidence limit) and (lower confidence limit), Chi-squares Intercept,
Chi-square test, linear regression, F and R value were determined using Statistical Package for the Social Sciences (SPSS) software (version 16).
Qualitative analysis of C. papaya latex extract
According to Harborne (1998) , the phytochemical analysis was performed to determine the presence of bioactive secondary metabolites such as alkaloids, terpenoids, tannins, flavonoids, phenols, proteins and carbohydrates.
Fourier transform infrared spectroscopy analysis (FTIR)
To identify the presence of functional groups, a thin film of sample (latex extract) was applied to the glass plate and IR Perkin Elmer spectrophotometer, Spectrum Instrument, Germany.
Gas chromatography-mass spectrometry (GC-MS) analysis
The analysis was performed to know the active ingredients present in C. papaya latex extract. For analysis, GC-MS QP 2010 (Shimadzu) instrument was used. For analysis, the following conditions were performed: the column was fused with silica capillary column, 30 × 0.25 mm ID; coated with DB-I, 0.25 µm film thickness. Subsequently, the column temperature was programmed to 70-250 °C at the rate of 10 °C/min increase, injection port temperature at 250 °C. Helium was used as the carrier gas at a constant pressure of 100 kPa and flow rate of 20 ml/min. Samples which dissolved in chloroform were run fully at a scan range of 60-550 amu and the results were compared using National Institute of Standards and Technology (NIST) Spectral library search program.
Results and discussion
Carica papaya was an important commercial crop throughout the world. The ethnobotanical value of C. papaya fruit was also well known. Even today, C. papaya leaves are being used for treating viral infectious diseases chikungunya, dengue fever (Aravind et al. 2013) . Such kind of therapeutic properties the plant bestows.
In this study, we have evaluated the efficacy of C. papaya latex extracts against IInd and IIIrd instar larvae of A. aegypti and C. quinquefasciatus. The analyses result exhibited as Tables 1, 2 00, 152.79; 199.48, 236.94; 349.11, 387 .04 ppm. The descending order of toxicity is a chloroform extract followed by methanol extract and aqueous extract. The distinct larvicidal activity between extracts suggesting the existence of a qualitative/quantitative differences in metabolite content of extracts (Meyer and Paul 1992) . Moreover, other factors such as solvent used, susceptibility differences of mosquito vectors used might also contribute to the variation in efficiency of latex extracts.
In a previous study, we determined that the chloroform extract of Euphorbia antiquorum latex had an effective action against IInd, IIIrd and IVth instar larvae of A. aegypti and C. quinquefasciatus . From this point of view, our study also confirms the results, but, however, the C. papaya latex extracts efficacy level was significant in causing mortality of both A. aegypti and C. quinquefasciatus larvae. Comparing the lethal concentration determined by us with the results of E. tirucalli latex (Yadav et al. 2002) ; C. procera latex (Shahi et al. 2010 ) and F. benghalensis latex (Ali and El-Rabaa 2010), we can note that the extract from C. papaya latex shows an efficacy in terms of acute toxicity similar to the above-mentioned latex reports.
As reported, the phytochemicals exert their mechanism of action in mosquitoes by targeting various sites such as inhibition of acetylcholinesterase, GABA-gated chloride ion channel, sodium and potassium ion exchange disruption, cytochrome P450, hormonal disruption, osmosis and ionic imbalance, mitotic poisoning, inhibition of cholinergic system, neuromuscular coordination (Benelli 2015) . Hence, we speculate that the above mode of mechanism might put forth by C. papaya latex extracts against larvae of A. aegypti and C. quinquefasciatus. Another important assay we conducted was the larvicidal efficacy of silver nanoparticles synthesized using latex C. papaya. As reported earlier, the synthesis of highly stable, crystalline CPAgNPs with improved surface chemistry was achieved using the aqueous latex extract of C. papaya (Rajkuberan et al. 2016b) . Tables 3, 4 and 5, showed that C. papaya latex synthesized silver nanoparticles revealed 100% mortality in IInd and IIIrd instar larvae of A. aegypti (LC 50 1.46; 1.76 ppm), while 97% mortality observed in IInd and IIIrd instar larvae of C. quinquefasciatus (LC 50 1.58; 2.47 ppm). Hence, our findings corroborate with other reports, the larvicidal activity of AgNPs synthesized from the latex of Plumeria rubra (Patil et al. 2012a) , Pergularia daemia (Patil et al. 2012b) and Euphorbia antiquorum (Rajkuberan et al. 2016a) . Concerning the toxicity, C. papaya latex was a safe therapeutic agent, evidenced by the reported toxicity studies of C. papaya in catfish Clarias gariepinus (Ayotunde et al. 2011) and Wistar albino rats (Oduola et al. 2007) .
In this study, we have synthesized spherical-shaped nanoparticles with an average size of 12 ± 6 nm. Size and shape was an important determining factor for any biological assay to evaluate . Herein, the particles with a smaller size and the coating of natural products (protein) in nanoparticles accelerate the activity thereby resulting in 100% mortality. Little precise mechanisms have been hypothesized, the toxicity leading to death in mosquito larvae exposed to green-synthesized nanoparticles. Penetration of AgNPs through the exoskeleton and binds to the sulphur from proteins or phosphorous from DNA resulting in blockage of translation/transcription, failure of respiratory chain reaction, further the decrease in membrane permeability and disturbance in proton motive force may cause loss of cellular function and finally leads to death .
In recent years, numerous studies reported the greensynthesized AgNPs was a potent larvicidal and pupicidal agent against Aedes aegypti; Culex quinquefasciatus, Ae. albopictus and Culex tritaeniorhynchus. Silver nanoparticles synthesized using seaweed Hypnea musciformis have shown a considerable toxicity against A. aegypti and cabbage pest P. xylostella . Moreover, AgNPs synthesized using Artemisia vulgaris performed an effective toxicity against A. aegypti and did not negatively impact predation rates of the Asian bullfrog tadpoles, Hoplobatrachus tigerinus . Govindarajan et al. (2016a, c) reported the biosynthesis of AgNPs from Nicandra physalodes, Zornia diphylla and demonstrated that the AgNPs From the observation, we noticed that the chloroform extract had performed superior activity than other extracts. Further, we subjected the chloroform extract for its phytochemical profile study in a qualitative approach. From the study, a chloroform extract from the latex of C. papaya contains the major groups of secondary metabolites. Table 6 showed the presence/absence of major groups of secondary metabolites. As per the analysis except for tannins and phenols, all other functional groups were present in high amount.
In FTIR analysis (Fig. 2) , the functional group of components was separated based on the peak ratio. The absorption band located at 2921. 70 and 2851.90 cm −1 corresponds to C-H stretch. Vibration 1739.94 cm −1 may be attributed to the presence of C=O stretch. The band observed at 1465.58 and 1326.37 cm −1 corresponds to C-H, CH 3 C-H bends. Frequency 1027.31 cm −1 can be assigned to the C-O stretch, sharp peak at 772.29 cm −1 due to the C-Cl stretch. From the FTIR spectrum, it was obvious that alkanes, phenols, alcohols, carboxylic acids, alkenes, aliphatic compounds, carbonyl compounds, esters, phenyls carbonyl compounds, alkyl halides functional groups present in the chloroform extract from the latex of C. papaya.
GC-MS analysis of a chloroform extract from the latex of C. papaya identified the bioactive compounds and characterized according to their retention time, molecular formula, molecular weight, peak area (%) (Fig. 3) . A total of 45 compounds were identified and listed in Table 7 . The identified compounds were well-known bioactive molecules having bactericidal, fungicidal, nematicidal, mosquitocidal, and anti-cancer activities (Casuga et al. 2016) . From the identified compounds, we speculate that all single-active compounds in the extract synergistically interacted with other compounds and catalyzed the larvicidal activity. But, however, we cannot justify it, the further extensive analysis were needed to harness the potential active constituents exist in chloroform extract of C. papaya latex.
Conclusion
Our study highlights the larvicidal efficacy of C. papaya latex and CPAgNPs against A. aegypti and C. quinquefasciatus. The obtained results of latex extracts and CPAg-NPS were promising against developmental larval immature stages. Further, the phytochemical profiling studies explored the significant larvicidal compounds. Therefore, we conducted a fundamental study to validate the efficacy of latex and CPAgNPs only, against instar larvae of A. aegypti and C. quinquefasciatus. As an outcome of the study, C. papaya can be suggested to develop as bioinsecticides in vector management after subjecting to the elucidation of active compound structure and function, reference standard, formulation methods, pilot scale and field trial study, nontarget organism study.
